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No Taylor explained that the purpose of this meeting "was 
to set forth such decisionr^ and progress as have been made on the 
unnamed protot^/pe coraputerj formerly referred to as Vi'IIA^ (since 
christened I.iTC^ for Ham ory' Test Ccnputsr)o The Laboratory" s pur== 
pose in constructing this computer T^as re'Tie^edj since this has al*- 
ready been gone over in more detail in the minutes of the Viiy l6th 
Eieetingj it T7ill not be presented hereo These minutes -^Till be con" 
cernedj, rather^ ivith the aspects of the machine vzhich have crystal- 
lized into proposals more definite than those mentioned at the ear= 
lier meeting or rhich have been changed since that meetingo Ref ■=• 
erence is also made to the note of July 7^ 1952^, "Initial Decisions 
on WWIA Block Diagi-ams'^ M"154.7o 
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Space has already been allocated on the third floor of 
T^hitter.cre 2 fcr assembly of the conputer under the direction of 
K„ Ho Olsen and R, von Buelo;7= an idea of its anticipated physical 
size can be hsd from the skeleton assembly of eight-foot test racks 
alreody set up« 

As- nc'.7 en^'/ica^ed^ it Td 11 actually be a T7orking computerg 
although it v;ill not have ihe orders "multiply" and "divide" built 
ino Carrying out the plojx of the July 7fch note^ it is intended to 
construct the computer of stajidard test equipment as far as possiblSo 
Except for the r.'j.gnetic meniory^ no circuits fundanentally different 
from those of \Tiil are likely to appear in the machine at first o How- 
ever^ neu circuits nca being ivorked on in other groups T/ill be in- 
corporated into the set-up in the course of tinOo One reason for 
starting v/ith standard test ea^uipment in this manner ^ N, Taylor has 
emphasized^, is to keep the ntimber of circuits of unproven reliabil° 
ity at. a minimuiao In this v/ay^ any difficulty occuring in testing a 
new circuity such as the magnetic memory j, can more easily be local= 
ised and assessed than it could if unpredictable failures were occur- 
ing in various circuits throughout the machine ^ 

The block diagrain v/hich vdll probably be the basis for its • 
logical design was originaUy sketched by R^ Mayero He explained the 
details of his proposed system , component by component ^ as follows? 

Accumulator^ 

The accumulator will have l6 flip-flops j, will be able to 
shift (or cycle) right ^ and to subtract^ This last^ which is logic- 
ally similar to adding^, was chosen in preference to adding for two 
reasonss it does not give rise to negative ZERO^ and the carry gates 
(which becom.e borrow gates in a subtracter) are on the ZERO rather 
than the OI-IE side of the accuinulator flip-flops ^ thus helping to bal- 
ance the number ^of gate tubes on the two sideSo' In order to eliminate 
as many gate tubes as possible ^ the accumulator will have a low-speed 
carry circuity using about a half°microsecond delay per digit ^ instead 
of an instantaneous high-'Speed carry of the type used in VJi7Io 

A^e^ist er 

The A^register acts in general as an intermediary for most 
transfers taking place in the computerq Read-outs from the m.emory go 
first into this registero By reading (subtracting) its complement di- 
rectly into the accumulator^ it adds its content to that of the accumu- 
lator j if^ on the other hand ^ it is firat complemGnted and then read 
out^ its content is subtracted from that of the accumulatoro The last 
five digits of the A-rcgister also operate as a subtracting counter when 
needed - for example ^ to count the nimber of shifxs in a shift-right 
ooeration 
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loading out of the nsmovy or the accumulator into the A- 
register initiates a -'parity count" pulse for each CIIE read in; 
these pulses, m chains of 8 at the most^ move doTJn the register 
toTTard the ri^ht uith a delay of a h-alf'^-microsecond per digit to tv/o 
parity flip^'ii.oos, one of v.hich is connected at the right of ARVj and 
the other at the right of AR15« These tT;o flip-flops are thus the 
means of accomplishing a 

PgX?-t:7Z; C.Qunt and C^heck 



Let us reviev; the point that the parity cheeky as installed 
and proved useful in VAVI^ consists of an extra digit associated T/ith a 
-T7ord and stored v/ith it in the memory to indicate T?hether the number of 
OIE's in the TJord is odd or even^ Each parity flip^flop^ initially 
set to ZEPwOg will read OIIE or ZERO after the last pulse of the chain 
has reached it^ depending on r/hether the number of ONE^s in its half of 
the A«register f?as odd or eveno After all the pulses from the A^regis^ 
ter have arrived, a "parity count" pulse complements one of the parity 
flip-flops if 5 and only if^, the other flip-flop contains a ONE^ thus 
making the first flip-flop (-.vhieh amounts to a 17th digit of the A° 
register) contain OliS or ZERO^ depending on ivhether the total number of 
OIIE^s in the 16 digits oi the A-register is odd or eveno On a ts order g 
the content of this flip"flop is v/ritten into the 17th digit of the 
storage register containing the v;ordo When this word is later read out 
of storage J, the 17th digit is held aside vrhile a parity count is per° 
formed on the other 16^ and the result of the count -is compared v?ith 
the segregated 17th digit » If these' tv/o agree ^ the computer proceeds; 
if notg it stops and sounds an alarmo 

This parity check circuit thus serves to detect any single 
digit T/hich does not come out of the memory the same as it v;ent ino It 
\dll of course fail to detect a change of tv/o digits ^ but such a change 
is considered to be so. improbable as to be negligible^ 



Salient features of the memory have- been mentioned previously 
in the reports referred to above^ Any significant elaborations or changes 
from those specifications are described below in the summary of M^ N^ 
Papian^s remarkSo 

Program Counter 

The program counter is not essentially different from that of 
WWI; it has 10 digits^, can be cleared^ and may be read into from the last 
10 digits of the A-register on sd and' co order Sj, It reads but into the 
storage sv/iteho 
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Terminal Sou irrnent 

Terminal eqiupnent T;iil consist of a photoelectric tape 
readar input rnd^ as cutp-ats^ a typeT.Titor„ paper tape punchy and 
di:::pla7 cGaillcrcDpOo '^ho dscodcrs -for the horizontal and vertical 
axes of the oscilloscope ^ instead of having their ov;n driver flip= 
flops as in Vr.VI^ •.;ill. be driven tiiroMiih a perir.anent connection by 
the A-rcgistcr and accurralator flip-flcpSo This neans that a pat= 
tern representing the operation of these registers can be seen ed, 
all tines by turning up the scope intensity and may possibly prove 
useful in checking cor.puter operation,, 

Intercon n ections 

It T7as decided not to use -a bus^ thus dispensing .ritk -soiae 
of the gate tubes and drivers entailed by a bus^ Further ^ since 
Burroughs flip-flops come equipped vrith read=in gates ^ it T/as decided 
to make use of these gates '.vherever possible^ and one suggested way 
of doing this was to pipe the outputs of certain flip-flops (e^ g^ ^ 
those, of the A=>register) hither and yon directly to the aforesaid 
gate So 

Controlj 

The control system, as set forth in Ro llayer's proposal^, 
is probably the most distinguishing feature of the machine ^ apart 
from its memoryo 6 digits are available to specify orders 5 this 
Y/ouldg of course^ make possible some 6U orders ^ much more than are 
either necessary or desirablOo llayer^'s system^, instead of assigning 
an arbitrary 6-digit number to an order and using this to initiate 
appropriate command pulses through a sT7itchj makes use of the fact 
that orders fall naturally into operational' categories by virtue of 
including or not including a certain operation such as "clear accumu- 
lator" or "read out of memory^'^^ etCo To oversimplify some\7hatj each 
of the 6 available order digits can be used to indicate T?hether or 
not a given operation is to be included as an element in an order ^ and 
orders are thus built up out of " standard parts" like constructions 
with a Meccano set^ The follovang partial list of orders will serve 
to illustrates ^ 



Use Storage: ca^ ad^ su^ ts{ 



( Read out of storages ca^ ad, su 
{ Read into storages ts 



( Use shifts cr^ sr 
Do Not Use Storages cr, sr^ cp^ sp, io( Read into Program Counters sp, cp 

( Use terminal equipments io 
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Closer ins^pection T.'ill shoT? that this description^ as remarked 
above^ is an oversir.plificationo In irany cases ^ a given order 
digit can reprGS3nt the inclusion or ej:clusion of several dif^ 
fcront cc^non^nt cporaticno^ dspondin.^* on the operations T/hich 
have preceded it,, The follovdng diagram and complete list of 
orders "i-lll serve to clarif./ the s^rsfcea^ particularly v.'hen used 
in conJur.:ticn rith :.:.:.j2t^s block diagram SB=37330 and traffic 
schedule dra^ring SB=37331§ 



Control Digii 



lo 


2o 


3o 


Ao 


5c 


6o 


Ls Stor- 
age 


Is In 


Is 10 Digits 


.(Not Used) 
lo Display 


Is Clear 
AC 

Og Not 


(Not 
Used) 


Og 16 Digits 


Og Out 


Is Compo All 


Os Not 


Oo Add 


38 No 
Storage 


18 Sub- 
program 


Is cp 


Is Alarm 


(Not 
used) 


(Not'" 
used) 


Os sp 


Os Not 


Og Hot 


Is In from 
PETR 


1: Out to 
tape^ etCo 


Is sr 


1: Shift 


Os Not • 


Og Not 


Os cr 


Og Not 





Equivalent in \TiH orders 


100000 g 


ad 


100010 3 


ca 


100100s ' 


qdCV^H) 


lOlCOO? 


sii 


101010s 


cs 


110000 s 


ts 


110010s 


tc 


110100s 


td 


110110s 


tdc 


100110s 


qd (O^H) 


101100s 


qd (V,-K) 


101110s 


qd {0,^11) 



000001 g cr 

0000113 sr 

000101 g cr/oD 

000111s sr/aj3 

001001s qr/cr 

00103.1 g qr/sr 

010000 g sp 

010100 f rs(&sp). 

011000s cp 

011100 g »'ck" ^r^"\ 

000000 (addriccVo) halt 

000000 (.-.dlresii ~0) dirnny 
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In the resulting ccmbinations of control digits, cer- 
tain orders en which one r.iif:ht not place nuch priority occur more or 
less gratis as by-products of the control system: for e:<sjnplej 
qd(Vj)-H} cd (OgK)^ tdCj etc<, The order listed as "ck" is like a 
*.VM prog-ii:.; cp HC {rs) ^ and will stop the computer if AC is 
negative o 

Ho sign control T/ill be usedo There is only one reason 
Tihy sign control ±3 used in T.TiI f or shift right ^ and that is to 
make the roundoff T;ork correctly^ The MTC has no roundoff andj 
therefore, needs no sign controlo (Note that the sign digit being 
shifted right J vail fill up the "evacuated" flip-flops T7ith (+) or 
(«) ZEROES as it should^) In-out orders are combined with sr or 
or to accommodate 6-digit flexoT;riter tapeo 

If the 6 control digits come up ZERO and are followed by 
a non^ZERO eddress,- the computer v/ill try to execute "cycle right" 
but wi 3.1 halt instead^ if ^ on the other hand^ the address in this 
case is all ZERO^s^ the computer 77ill simply pass on to the next 
instructiono 

Under the title of Time Pulse Distributor^ a flip°flop • 
determines by its ZERO or ONE state v/hether the computer vdll embark 
on a program-timing or operation-timing cycle o At the end of each 
cycle 5 either of program=timing or of operation-timing^ an "end- 
carry" pulse goes back through Test Control and, under normal circum= 
stances complements the TPB flip-flop^ initiating the alternate 
cycle,, If it is. desired to interrupt this course of events j, appro- 
priate switches may be opened in Test Con.trolo For test purposes^ 
a single pulse may then be returned by push button, or puls<5!S 
synchi'onized with a test oscilloscope sweep may be fed in,, 



To read a program in initially^, either one must have a 
special read-^in order ^ v;hich automatically issues the necessary 
sequence of commands , or one must have a read-'in program "pre^- 
written" into certain registers of the m-smory^ usually referred 
to as Test Storage, It is felt that the latter approach will 
probably be simpler, at least with this machine^ Various methods 
of achieving such "cold storage" have been proposed? one means^ 
of course J is toggle switch storage^ generally rejected as involving 



6889 

MeiaorandiHa M-1S62 Page 7 of 8 



too rrach equip::i2nt5 the cthsrs all luake uss of the Tiagnetic 
m^niory and in^^olve irriting OI.']j''s en bloo tV-roughoutp say^ 
1;0 Fier.oiy registers., certain digits of V7h?.ch t-joiald be prevented 
bj preset mechanical rr.ean3 from actually switching to OITE« The 
mechanical means of inhibition could be a by-passed driving or 
sensing vjinding, a shorted turn, or a separate reset line which goes 
thi'ough selected cores in the negative directiono The reset line 
s^rston has thi3 ad\-antage of freeing the Test Storage registers 
for general use once the read=in program has been completed<, 



W« No Papian^ for the benefit of the uninitiated^ 
sketched a group of proposed features of the MTC memory whd.ch 
might otherwise be available only in scattered references^ 
Metallic ribbon cores will be useds cores wound of l/8 mil 
Mo-Perrnalloy ribbon^ l/8" vjide^ virapped about 10 tijnes around 
a hollow ceramic core of 1/8" outer dianster* These require 
200 na -turns at 20 mv to s^jitcho The decision to use 
metallic cores rather than the ferrites proposed in the earlier 
notes is primarily a consequence of the manufacturers' ability 
to make more uniform metallic cores^ thus requiring less time 
and effort for core testing and development. Secondary reasons 
ares First, the high current requirement of tlr; ferri-ue cores 
•(2.,5 ampere tLirns) would necessitate larger dri\^r tubes^ such 
as 715' s, instead of 7AI)7^s^ which are adequate for retallic 
cores.. Second^ the hysteresis loops of present ferrite cores 
are not quite as rectangular and do not give quite such good 
selection ratios as those of the metallic coreso W, Papian 
estimates that a memoiy which could be developed in nine months 
out of metallic cores^, starting now^ would take eighteen months 
to develop with ferrites. Do Ro Broi-jn's group and Papian^ s 
section •vdll^ of course^ continue to work on ferrites as a high 
priority undertakingo 

A sample batch of 300 metallic cores will be delivered 
about July 22 for testingo If, as anticipated^ these prove 
satisfactory, an order for the entire 20^000 will be placed for 
a delivery date of, hopefully, some time in September o 

The cores will be driven by vacuum tubes (presuirably 
7AD7*s)^^ The complete s'/iitching time of a core under these 
conditions 1-Ji 11 be about 10 micro seconds^ giving a read-vjrite 
tiine of about 20 microseconds <> However, it has been found 
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minecGssarv to S7;itch the core ccn:pletely in order to get a satiS' 
factory read pulseo This neaiis that, for the read and re'-v/rite 
cycle^ the core need bo only partially sTjitched^ traversing a 
s:.:allor hyLteresis loop and ta!d.ng only 12 microseconds or so for 
the T7hole cycle » It is planned to drive and sense cores trith 
single-turn "indings. such as have been used on the ermerimentaJL 
25^''-core ferrite arrayo Hovrever^ it nay not be possible to sup- 
port cores on inter77oven driving uires in the manner of the fer^ 
rite array^ because of the shape of the hole in the ceramic spool 
on rhich cores are uoundo This hole, being long and narroT? coni" 
pared T/ith the hole in the ferrite "cheerios"o vdll not permit 
t77o straight uires to go through it unless they are nearly paral-- 
lelo Various proposals have been advanced for packaging and T7ir=» 
Ing the array J, such as, for example^ to embed the cores in a 
plastic sheet vjith their axes normal to the sheet and possibly 
to thread all wires^ or all wires except z«axis drive and sensing 
"VjindingSg as bundles or cables through stacked arrays of wores© 



^G,^ 



Wo Ao Hosier 




N, H, Taylor 
yAH/MTgbs/jra 



